Introduction
Hereditary hemorrhagic telangiectasia (HHT) is an autosomal dominant condition with variable penetrance which is characterized by arteriovenous malformations (AVMs).
1,2 Small AVMs, known as telangiectases, manifest on the buccal mucosa, face, fingers, gastrointestinal mucosa, lips, nasal mucosa, and tongue. 1, 2 Larger AVMs, which range up to several centimeters in diameter, present most commonly in the brain, lung, and liver. 2 Genetics research has unveiled many mutations associated with HHT; all of them have been implicated in the transforming growth factor-beta (TGF-β) signaling pathway. 1 The underlying genetic defects have led to the classification of five variants of HHT. HHT type 1 is due to mutations in the endoglin (ENG) gene, while HHT type 2 is due to mutations in the activin receptor-like kinase-1 (ALK-1) gene. 3 Several hundred mutations in these two genes account for approximately 90% of cases of HHT. 3 A mutation in SMAD4 accounts for an additional 2% of cases of HHT. 4 HHT type 3 is linked to mutations in locus 5q31.3-q32, while HHT type 4 is associated with mutations at location 7p14. 3 The specific genes associated with HHT type 3 and type 4 have not been identified. 4 HHT type 5 is associated with mutations in BMP9, which is a TGF-β superfamily ligand of ALK-1. 4 The classical features of HHT are shared amongst the different variants, though specific vascular abnormalities may be associated with particular genotypes. 5 For example, HHT type 1, which appears to predominate in America and Northern Europe, is more commonly associated with pulmonary and cerebral AVMs. 4, 5 HHT type 2, which is classically seen in Mediterranean nations and Argentina, has more hepatic AVMs. 4, 5 
HHT: condition features History
HHT has its roots in the 19th century, when Rendu presented a patient with anemia, recurrent epistaxis, and skin telangiectases; he hypothesized that this condition was hereditary since the patient's father had a history of recurrent melena. 6 In 1901, Osler presented three cases with multiple vascular lesions and recurrent epistaxis; he also suspected a hereditary link due to family history in these cases. 6 In 1907, Weber reported a woman with multiple mucosal and skin lesions, whose children were also affected. 2 Subsequently, this disease was dubbed Osler-Weber-Rendu syndrome. 6 Yet, in 1909, the term hereditary hemorrhagic telangiectasia (HHT) was established at Johns Hopkins University. 6 epidemiology HHT prevalence is likely underestimated since the phenotype is variable even within a single family. The highest prevalence is seen in the Netherlands Antilles where 1 of 1,331 people 12 years of age receive the diagnosis. 7 Worldwide prevalence is estimated to range between 1 in 5,000 to 1 in 8,000 individuals. 1 
Pathogenesis
The pathophysiology of HHT centers on an inability to properly connect arterioles and venules, such that they come into direct contact without an intervening capillary bed. 1 It is theorized that an inability to properly recruit smooth muscle cells during angiogenesis may be a contributing factor. 5, 8 This hypothesis is tenable since the known mutations implicated in HHT affect the TGF-β signaling pathway associated with angiogenesis. 1 
Diagnostic criteria
Consensus diagnostic criteria, known as the Curaçao Criteria, were established in 2000. 2 These criteria encompass four components: family history of a first degree relative with HHT, mucocutaneous telangiectases at characteristic locations such as fingers and lips, recurrent and spontaneous epistaxis, and visceral AVMs. 2 The diagnosis is definite when three criteria are met, possible if two are fulfilled, and unlikely if fewer than two are seen. 1, 2 The criteria are best used in adults. The lack of adequate criteria to fulfill the diagnosis of HHT in a child may be misleading since the symptoms of HHT emerge gradually. 2 
Cutaneous manifestations
Cutaneous manifestations of HHT are variable and often present 10-30 years after initial episodes of epistaxis. 
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Hereditary hemorrhagic telangiectasia and pregnancy favor sun-exposed areas. 1 Telangiectases blanch with pressure and color returns when pressure is released; this distinguishes them from petechiae and angiomas. 2 Lesions may bleed at times with little trauma, due to their proximity to the skin surface and also on account of their tortuous vessels. 2 Notably, telangiectases often increase in number as the patients age. 1 
Systemic manifestations
HHT may result in AVMs in numerous organs: brain, intestine, lung, nose, and spinal cord involvement have been observed. 1 Epistaxis is often the first presenting symptom, and 50%-95% of patients develop nosebleeds by 20 years of age. 1 The severity of nosebleeds increases with time and may lead to anemia. 1 It is important to recognize that epistaxis may be severe, and in some cases can be life threatening. 10 Pulmonary AVMs develop in 15%-50% of patients. The patients are usually asymptomatic. Lung AVMs cause rightto-left shunting, which cause an array of possible symptoms including dyspnea, hypoxia, and pulmonary hypertension. 1 Moreover, pulmonary AVMs can result in paradoxical septic or non-septic emboli; brain, spinal, or systemic abscesses have been observed, secondary to septic emboli, in patients with pulmonary AVMs.
11
Central nervous system involvement is usually secondary to paradoxical emboli from pulmonary AVMs; the emboli can result in stroke or transient ischemic attack. However, some patients suffer from complications of cerebral AVMs. 1 The risk of central nervous system AVM hemorrhage is low; one study found that the bleeding risk secondary to HHTrelated cerebral vascular malformations was 0.27%-0.46% per year compared to a 2%-4% per year risk for sporadic central nervous system AVMs. 12 Gastrointestinal involvement is also common. The stomach and small intestine are most commonly affected. Fifteen percent to 45% of HHT patients develop a gastrointestinal bleed during their lives, usually after 50 years of age. 1 Liver involvement has been shown to be common in patients with HHT; however 10% of patients with liver AVMs are symptomatic. 2 Patients with liver involvement can present with biliary dysfunction and/or portal hypertension. 1 It is important to recognize that a severe complication associated with hepatic AVMs is high output cardiac failure. 1 Due to reduced systemic vascular resistance, patients develop high cardiac output secondary to sodium and water metabolism, which activates the renin-angiotensin-aldosterone system. The increased cardiac output is disproportionately shunted through hepatic AVMs, eventually leading to heart faliure. 13 
Management Consensus guidelines
International consensus management guidelines for HHT emerged in 2011.
14 Epistaxis is common and significantly affects quality of life. 15 Initially, epistaxis should be managed with measures such as humidification and lubricants.
14 For refractory nosebleeds, chemical cautery, cryotherapy, laser coagulation, septodermoplasty, and sodium tetradecyl sulfate injections may be considered. 1, 14 All patients should be screened for pulmonary AVMs.
14 Transthoracic contrast echocardiography is the preferable test for screening. 1, 14 If an AVM 3 mm is discovered, embolization is recommended. 14 Infants with HHT should be screened for cerebral malformations, using non-contrast brain magnetic resonance imaging (MRI), within the first 6 months of life; however, this recommendation is controversial.
14 Adults should also be screened for cerebral malformations; however, repeat 
1 Management of central nervous system malformations should be decided on a case by case basis. 1 To evaluate for gastrointestinal involvement, an annual hemoglobin is recommended for all patients 35 years of age; upper endoscopy should be considered if the patients' anemia is out of proportion to their epistaxis.
14 Liver imaging is not routine and should be done only when patients are symptomatic or if abnormal liver function tests are found. 14 If a liver AVM is discovered and the patient is symptomatic, the patient should be managed medically; if patients fail to respond to therapy and progressively worsen, invasive therapeutic options such as transarterial embolization or liver transplant may be warranted. 16 
Drug therapy
A specific drug for the treatment of HHT has not currently been established. However, new therapeutic options are being actively explored. 1 For example, thalidomide has been proposed; this drug boosts pericyte recruitment, which may enhance new blood vessel maturation. 17 Another approach for the management of HHT is to target angiogenesis. Bevacizumab is an angiogenesis inhibitor which blocks vascular endothelial growth factor (VEGF), which is currently only indicated as a chemotherapy agent. 18 A recent randomized controlled trial assessed the effect of bevacizumab nasal spray on epistaxis duration in HHT patients; the study failed to show a reduction in monthly epistaxis duration during the 3 months following the end of treatment when compared to placebo. 19 Similarly, another randomized controlled trial did not reveal significant differences in epistaxis frequency among patients treated with topical intranasal bevacizumab, estriol, tranexamic acid, or placebo. 20 Pazopanib is another VEGF inhibitor. It is also being explored for the treatment of HHT. The drug is currently in a Phase II clinical trial to determine if there is any reduction in epistaxis and anemia when compared to placebo. 1 Two additional drugs, both selective estrogen receptor modulators, are used for treatment of HHT, particularly outside the United States. Raloxifene was designated an orphan drug in 2010 by both the European Medicines Agency and the United States Food and Drug Administration. Bazedoxifene was established as an orphan drug for HHT in 2014 by the European Medicines Agency alone. 4 Both of these medications are thought to decrease bleeding by helping compensate for haploinsufficiency of proteins implicated in the TGF-β signaling pathway in endothelial cells. 4 
HHT and pregnancy
Pregnancy in patients with HHT is considered high risk. This is due to the possibility of life threatening complications. However, most pregnancies proceed without issue. 21 
Complication vulnerability in later trimesters
Women with HHT appear to be most vulnerable to complications in the second and third trimesters due to physiologic adaptations which occur in pregnancy. During the latter trimesters, peripheral vascular resistance decreases. In addition, cardiac output increases nearly 50% by the end of the second trimester. 22 These physiologic changes may exacerbate existing shunting lesions. For example, high output heart failure secondary to hepatic AVMs could occur. 23 
Pregnancy outcome studies in HHT
To date, four studies have assessed pregnancy outcomes in HHT.
Study 1
The first study was from a retrospective evaluation published in 1967. Forty American women with HHT from an otolaryngology clinic were compared to 80 controls; the subjects were matched for age, race, religion, sex, and source of medical care. 24 The rates of miscarriage and abnormal outcomes showed no statistically significant difference between the two groups. 24 
Study 2
The second study, which was published in 1995, was a retrospective series of 161 pregnancies in 47 British women with HHT. 25 Similar to the 1967 study, no increase in miscarriage was observed when the rate of miscarriage in the study group was compared to the rate of miscarriage in the United Kingdom overall. 25 However, patients with pulmonary AVMs had increased risk of complications; there were six cases of pulmonary AVM shunt deterioration, three strokes, and two maternal deaths from pulmonary AVM hemorrhage. 25 
Study 3
The third study followed 262 pregnancies in 111 British women with HHT along with 222 pregnancies in 86 firstdegree relatives affected by HHT between 1999 and 2005. This was a cohort study with prospective and retrospective components. Seventy-four percent of the patients did not have an established diagnosis of HHT at the time of their pregnancy. 21 While the majority of pregnancies proceeded 
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Hereditary hemorrhagic telangiectasia and pregnancy normally, 13 patients suffered life-threatening events during pregnancy: one myocardial infarction, six pulmonary AVM hemorrhages, and six strokes were noted. 21 Although all of the women had been in good health prior to pregnancy, five of them died. 21 Prior awareness by the patients that they had a diagnosis of HHT was associated with increased survival.
Study 4
The most recent study was a retrospective case series of 244 pregnancies in 87 Canadian women with HHT between 1997 and 2007. 26 Major complications occurred in 13% of the women and included heart failure in one patient, hemothorax in five patients, deep venous thrombosis in one patient, pulmonary embolism in one patient, myocardial infarction in one patient, myocardial ischemia in one patient, and intracranial hemorrhage in one patient. 26 All of these complications were in patients who had not been screened or treated for AVMs prior to pregnancy. 26 This study also noted that patients experienced more frequent episodes of epistaxis and the development of new telangiectases during pregnancy. 26 
Comparison of studies
The published studies assessing pregnancy outcomes in HHT were performed in North America and the United Kingdom. All four studies were retrospective, though the third study had a prospective component. The first two studies observed that miscarriages were not increased in women with HHT, implying that the fetus fares normally in pregnant women with HHT. However, possible complications from the disease appear to pose a risk to the mother. The three more recent studies emphasize that pregnant women with HHT could suffer from life-threatening complications or death. The third study, which included the largest number of pregnancies, noted that awareness of the diagnosis of HHT was important since it was associated with increased survival. The fourth study showed that severe complications only occurred in those women who were not screened or treated for underlying AVMs. All of these studies were helpful in establishing the recommendations for management of pregnancy in patients with HHT.
Management recommendations
Shovlin et al offer recommendations for management of HHT pregnancies. 21 All women with HHT considering pregnancy should be screened for pulmonary AVMs with a thoracic computerized tomography scan to reduce complications such as stroke and hemorrhage; if pulmonary AVMs are found, these women should be treated prior to conception. However, if women are already pregnant and found to have asymptomatic pulmonary AVMs, they should not be treated during pregnancy. All women should also have an MRI of the spine to rule out spinal AVM, since this would enable regional anesthesia. If women have family history of cerebral hemorrhage or central nervous system symptoms, an MRI of the head is recommended. If any pregnant woman with HHT develops hemoptysis or sudden dyspnea, then urgent hospitalization is encouraged. For all pregnant women with HHT, antibiotic prophylaxis during delivery is recommended. Also, avoidance of a prolonged stage of labor in HHT patients in whom brain AVM has not been excluded is advised. 21 
Summary
The majority of pregnancies in patients with HHT have no complications. However, pregnancy is high risk due to the possibility of severe, life threatening complications. Thus, women with HHT should be appropriately counseled on the small but serious risks. In addition, it is important for these patients to be appropriately managed since prior awareness of HHT has been associated with enhanced survival for the mother. 
Conclusion
HHT is a rare autosomal dominant condition that can be difficult to diagnose. It presents with telangiectases in characteristic locations as well as with larger AVMs in visceral organs. Astute clinicians should be aware of this disease and its appropriate management.
HHT should be managed per international consensus guidelines. Women with HHT planning pregnancy should be advised that risks are low but serious. However, they should be reassured that close obstetric care and prior awareness of the diagnosis of HHT is usually associated with good pregnancy outcomes.
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